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Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to styrene polymers having a new stereoregular structure and more 
particularly to styrene polymers In which the stereoregular structure of side chain? relative to the poly- 
mer main chain is higlhy syndiotactic. 

As is well known, styrene polymers such as polystyrene and polyparamethylstyrene are generally pro- 
duced by techniques such as radical polymerization, anionic polymerization, catlonic polymerization and 

^0 polymerization using a Ziegler-type catalyst. These styrene polymers are divided into three groups, iso- 
tactic, syndiotactic and atactic polymers, depending on the steric configuration of the side chains there- 
of. It has heretofore been known that usual radical, anionic and cationic polymerization methods provide 
styrene polymers having mainly an atactic structure, and that the polymerization methods using a Zieg- 
ler-type catalyst provide styrene polymers having mainly an isotactic structure. 

15 A number of methods of preparing styrene polymers and their structures have been reported. How- 
ever, preparation of styrene polymers of high syndiotactic structure (excluding such model substances 
as trimers to pentamers prepared by organic chemical preparation techniques) has not yet been report- 
ed. 

20 SUMMARY OF THE INVENTION 

The present invention is Intended to provide styrene polymers having a high syndiotactic structure. 
As a result of extensive investigations, it has been found that polymerization of styrene monomers In the 
presence of a catalyst comprising specific transition metal compounds and organometallic compounds re- 
suits in styrene polymers of high syndiotactic structure. 

The present invention relates to a styrene polymer having a high syndiotactic structure and having a 
repeating unit represented by the general formula (I): 



30 



35 




(I) 



(wherein R represents a hydrogen atom, a halogen atom or a substituent containing a carbon atom, an ox- 
ygen atom, a nitrogen atom, a sulfur atom, a phosphorus atom or a silicon atom, and n represents an inte- 

40 ger of 1 to 3), and a degree of polymerization of not less than 5. Furthermore, the present Invention re- 
lates to the process for preparing styrene polymers, which comprises polymerizing styrene or styrene 
derivatives by the use of a catalyst comprising: 
A) cyclopentadienyltitaniumtrichioride, and 

^ B) methylaluminoxane derived from the reaction of trimethyl aluminium and water. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows "^^C-NMR spectra (aromatic ring Ci carbon signals) of styrene polymers produced in ex- 
amples: (a) indicates polystyrene produced in Example 1, (b) indicates, atactic polystyrene produced in 
50 Comparative Example 1, (c) indicates isotactic polystyrene produced in Comparative 

Example 2, (d) indicates poly(p-methylstyrene) produced In Example 23, (e) indicates poly(m-methylsty- 
rene) produced in Example 24, (f) indicates poly(p-tert-butylstyrene) produced in Example 25, (g) indi- 
cates poly(p-chlorostyrene) produced In Example 26, (h) indicates atactic poly(p-chlorostyrene) pro- 
duced commercially, (i) indicates poly(m-chlorostyrene) produced In Example 27, and (j) indicates poly{p- 
65 fluorostyrene) produced in Example 28; 

Fig. 2 shows isC-NMR spectra (methine methylene carbon signals) of styrene polymers produced in 
examples: (a) indicates polystyrene produced in Example 1, (b) indicates atactic polystyrene produced in 
Comparative Example 1, (c) indicates isotactic polystyrene produced in Comparative Example 2, and (d) 
indicates poly(p-methylstyrene) produced in Example 23; 
60 Fig, 3 shows "iH-NMR spectra of styrene polymers produced in examples: (a) indicates polystyrene 
produced in Example 1 , (b) indicates isotactic polystyrene produced in Comparative Example 2, and (c) in- 
dicates poly(p-methylstyrene) produced in Example 23; 

Fig. 4 shows X-ray diffraction patterns of styrene polymers produced in examples: (a) indicates poly- 
styrene produced in Example 1 , (b) indicates isotactic polystyrene produced In Comparative Example 2 
65 and (c) Indicates poly(p-methylstyrene) produced in Example 23; and 
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Fig. 5 shows infrared absorption spectra of styrene polymers produced in examples: (a) indicates 
polystyrene produced in Example 1, (b) indicates atactic polystyrene produced in Comparative Example 1, 
(c) indicates isotactic polystyrene produced In Comparative Example 2, and (d) indicates poly(p-methyl- 
styrene) produced in Example 23. 

5 

In Fig. 4, the symbol 6 indicates a Bragg angle 



DETAILED DESCRIPTION OF THE INVENTION 

10 

The styrene polymers of the present invention have a structure unit (repeating unit) represented by 
the above general formula (1) and include, as well as polystyrene, various nucleus-substituted polysty- 
renes such as poly(alkylstyrene) and poly(haIogenated styrene). 

The general formula (I) will hereinafter be described in detail. 
15 R represents a hydrogen atom, a halogen atom such as chlorine, bromine and iodinei or a substituent 
containing a carbon atom, an oxygen atom, a nitrogen atom, a sulfur atom, a phosphorus atom, or a silicon 
atom. 

Representative examples of the carbon atom-containing substituent are an alkyi group having 1 to 20 
carbon atoms (e.g., a methyl group, an ethyl group, an Isopropyl group and a tert-butyl group), and a hal- 

20 ogen-substituted alkyI group (e.g., a chioromethyl group, a bromomethyl group and a chloroethyl group). 
Representative examples of the carbon atom and oxygen atom-containing substituent are an alkoxyl 
group having 1 to 10 carbon atoms (e.g., a methoxy group, an ethoxy group and an isopropoxy group), and 
a carboxyester having 1 to 10 cariion atoms (e.g., a carboxymethylester group and a carboxyethylester 
group). Representative examples of the carbon atom and silicon atom-containing substituent are an 

25 alkylsilyl group (e.g., a trimethylsilyl group). Representative examples of the carbon atom and nitrogen 
atom-containing substituent are an aikyiamino group having 1 to 20 carbon atoms (e.g., a dimethylamino 
group), and a cyano group. Representative examples of the sulfur atom-containing substituent are a sul- 
fonyl group, a sulfonic acid alkyI ester group, an alkylthio group and a mercapto group. Representative 
examples of the phosphorus atom-containing substituent are a phosphoric acid ester group, a phospho- 

30 rous acid ester group and an alkylphosphinyl group. 

Representative examples of the styrene polymers of the present invention are polystyrene; po- 
ly(alkylstyrene) such as poly(p-methylstyrene), poly(m-methylstyrene), poly(o-methylstyrene), poly(2,4- 
dlmethylstyrene), poly(2,5-dlmethylstyrene), poly(3,4-dimethylstyrene), poly(3,5-dimethylstyrene) and 
poly(p-tert-butylstyrene); poly(halogenated styrene) such as poly(p-chlorostyrene), poly(m-chlorosty- 

35 rene), poly(o-chlorostyrene), poly(p-bromostyrene), poly(m-bromo-styrene), poly(o-bromostyrene), po- 
ly(p-fluorostyrene), poly(m-fluorostyrene), poly(o-fluorostyrene) and poly(o-methyl-p-fluorostyrene); 
poly(halogen-substltuted alkylstyrene) such as poly(p-chloromethylstyrene), poly(m-chloromethylsty- 
rene) and poly(o-chlorometfiylstyrene); poly(alkoxystyrene) such as poly(p-methoxystyrene), poly(m- 
methoxy sty rene, poly(o-methoxystyrene) poly (p-ethoxysty rene), poly (m-ethoxysty rene) and poly(o- 

40 ethoxystyrene); poly(carboxyesterstyrene) such as poly(p-carboxymethylstyrene), poly(m-carb- 
oxymethylstyrene) and poly(o-carboxymethylstyrene); poly(alkyletherstyrene) such as poIy(p-vinylben- 
zylpropylether); poly(alkylsilylstyrene) such as poly (p-trimethylsilylsty rene); poly(ethyl vlnylbenzene- 
sulfonate); and poly(vinylbenzyldimethoxyphosphide). 

The stereoregular structure of the styrene polymers of the present invention is mainly syndiotactic; 

45 that Is, the styrene polymers of the present invention have such a steric configuration that phenyl 
groups or substituted phenyl groups as side chains are positioned alternately in the opposite sides in re- 
lation to the main chain comprising a carbon-carbon bond. The tacticity of the styrene polymers i^s deter- 
mined by the nuclear magnetic resonance (NMR) method. In more detail, the tacticity of the styrene poly- 
mers is determined by analysizing the signal of Ci carbon of an aromatic ring and the signal of me- 

50 thine»methylene carbon in "i^NMR (nuclear magnetic resonance spectrum as measured using an 
isometric carbon), or the proton signal of 1H-NMR. The tacticity can be determined by HMR for each 
given number of constituting units connected continuously, such as a diad in which the number of consti- 
tuting units is two, a triad in which the number of constituting units is three, and a pentad in which the 
number of constituting units is five. The term "polymer having mainly a syndiotactic structure" as used 

55 herein means that the polymer has such a syndiotactic structure that the syndiotacticity expressed in 
terms of the diad is not less than 85%, or the syndiotacticity expressed in terms of the pentad Is not less 
than 50%. However, a degree of syndiotacticity which have been able to be obtained somewhat varies 
depending on the presence and type of the substituent. Thus, styrene polymers not always satisfying 
the above-defined value ranges fall within the scope of the styrene polymer having mainly a syndiotactic 

60 structure. In more detail, the styrene polymer having mainly a syndiotactic structure of the present in- 
vention includes the following polymers: 

polystyrene in which the syndiotacticity expressed In terms of the diad Is not less than 75%, or the syndi- 
otacticity expressed in terms of the pentad is not less than 30%: 

poly(p-methylstyrene) in which the syndiotacticity expressed in terms of the diad is not less than 75%, or 
65 the syndiotacticity expressed in terms of the pentad is not less than 30%; 
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poly(m-methylstyrene) In which the syndiotacticity expressed in terms of the diad is not less than 75%, or 
the syndiotacticity expressed in terms of the pentad is not less than 35%; 

poly(o-methylstyrene) In which the syndiotacticity expressed in terms of the diad is not less than 85%, or 
the syndiotacticity expressed in terms of the pentad Is not less than 30%; 
5 poly(o-methoxystyrene) in which the syndiotacticity expressed in terms of the diad is not less than 80%, ^ 
or the syndiotacticity expressed in terms of the pentad Is not less than 40%, and 

poly(p-methoxystyrene) in which the syndiotacticity expressed In terms of the diad is not less than 75%, 
or the syndiotacticity expressed In terms of the pentad is not less than 30%; 
The styrene polymer having mainly a syndiotactic structure of the present invention is not always re- i 

10 quired to be a single compound. Mixtures of the styrene polymers of the present invention and styrene 
polymers having an Isotactic or atactic structure, and copolymers with the styrene polymers of the 
present invention incorporated in the chain thereof are included in the scope of tine present invention as 
long as their syndiotacticity falls within the above-defined range. In addition, the styrene polymers of 
the present Invention may be mixtures of styrene polymers having different molecular weights. 

16 The styrene polymers of the present Invention have a degree of polymerization of not less than 5, 
preferably not less than 1 0. 

. The styrene polymers of the present invention, having the desired stereoregularity and substituent 
can be produced by polymerizing the corresponding manomers, or by applying treatment such as frac- 
tionation, blending and organic preparation techniques to polymers produced. 

20 The styrene polymers of the present Invention can be produced by polymerizing styrene monomers 
such as styrene and styrene derivatives, e.g., alkyistyrene and halogenated styrene in the presence of 
a catalyst comprising a titanium compound, e.g., titanium hallde and alkoxytitanium, and an organoalumi- 
num compound, e.g., alkylaluminoxane. Styrene polymers produced by the above polymerization method 
have a high syndiotacticity which have not yet been obtained, without application of treatment such as 

25 fractionation. Application of fractionation treatment using a suitable solvent provides styrene polymers 
the syndiotacticify of which is nearly 100%. The styrene polymers of the present Invention, having the 
desired tacticlty can be produced by blending the above serene polymers having a syndiotacticity of 
nearly 100% with atactic or isotactic styrene polymers by known techniques. It is well known that various 
substltuents are introduced Into aromatic rings of styrene polymers by organic chemical techniques 

30 such as chloromethylation. The styrene polymers having various substltuents in the aromatic ring there- 
of of the present Invention can be prepared by the above method using the styrene polymers of the 
present invention as a base polymer while maintaining the tacticity thereof. 

The styrene polymers of the present invention have, as described above, a stereoregular molecular 
structure which conventional styrene polymers do not have. Styrene polymers undergoing crystalllza- 

35 tion are excellent in heat resistance and also In chemical resistance as compared with commonly used 
atactic polystyrene. Thus these styrene polymers can be used as materials for use In production of mold- 
ed articles which are needed to have high heat resistance and chemical resistance. Styrene polymers in 
which a functional substituent Is introduced in the benzene ring as a side chain can by widely used as 
functional polymers. 

40 The present invention is described in greater detail with reference to the following examples. In these 
examples, the styrene polymers of the present invention were confirmed to have a syndiotactic struc- 
ture. 

EXAMPLE 1 

45 

(1) Preparation of Catalyst Component 

Trimethylaluminum (47.4 milliliters (ml): 492 millimoles (mmol)) was added to 200 ml of toluene as a sol- 
vent, and then 35.5 grams (g) (142 mmol) of copper sulfate pentahydrate (CuS04-5H20) was added 
50 thereto. These Ingredients were reacted at 20°G for 24 hours. When the reaction was completed, the tol- 
uene solvent was removed by filtration to obtain 12.4 g of methylalumlnoxane. 

(2) Production of Polystyrene 

A mixture of 100 ml of toluene and 40 mmol (calculated as an aluminum atom) of methylalumlnoxane was 
55 placed In a glass vessel (internal volume: 500 ml) equipped with a stirrer, and then 0.05 mmol of cyclopen- 
tadienyltitanium trichloride was added thereto. Subsequently 180 ml of styrene was added at 20*C and po- 
lymerized for 1 hour. Then methanol was poured to terminate the polymerization reaction, and a mixture of ^ 
hydrochloric acid and methanol was added to decompose the catalyst component. 
The yield of polystyrene was 16.5 g. The polystyrene had a weight average molecular weight of 
60 280,000 and a number average molecular weight of 57,000. The polystyrene was extracted with methyl 
ethyl ketone as a solvent for 4 hours by the use of a Soxhlet extractor. The insoluble solids content was 
97 percent by weight (wt%). This methyl ethyl ketone-insoluble polystyrene had a melting point of 260*»C 
and a specific gravity of 1 .043. 

In connection with the methyl ethyl ketone-insoluble polystyrene, a "^^C-NMR spectrum (signal of Ci 
65 carbon of the aromatic ring) is shown in Fig. 1 (indicated by the symbol (a)), a i^C-NMR spectrum (signal 
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of methlne methylene carbon) is shown In Fig. 2 (indicated by the symbol (a)), a ^H-NMR spectrum 
(proton nuclear magnetic resonance spectrum) Is shown In Fig. 3. (Indicated by the symbol (a)), an X-ray 
diffraction pattern is shown In Fig. 4 (indicated by the symbol (a)), and an infrared absorption spectrum 
is shown In Fig. 5 (indicated by the symbol (a)). 

5 

COMPARATIVE EXAMPLE 1 

Styrene was radical-polymerized at O'^C by the use of an organic peroxide to produce atactic polysty- 
rene. This polystyrene was extracted with methyl ethyl ketone in the same manner as In Example 1 (2). It 
10 was found that the whole of the polystyrene was extracted. This polystyrene had a glass transition tem- 
perature of 100**C and a specific gravity of 1.05. 

In connection with this atactic polystyrene, a i^C-NMR spectrum (signal of Ci carbon of the aromatic 
ring) is shown in Fig. 1 (b), a i3C-NMR spectrum (signal of methine methylene carbon) is shown in Fig. 2 
(b), and an infrared absorption spectrum Is shown in Fig. 5 (b). 

15 

COMPARATIVE EXAMPLE 2 

A titanium catalyst component with a titanium compound deposited thereon was prepared by reacting 
10.0 g of magnesium diethoxide and 50 ml of titanium tetrachloride. Then 1.0 mmol of the titanium catalyst 

20 component thus prepared and 10 mmol of triethylalumlnum were combined together to prepare a catalyst. 
Using this catalyst, 100 mi of styrene was polymerized in heptane as a solvent at TO'^C for 2 hours to 
yield 48.7 g of isotactic polystyrene having a weight average molecular weight of 1 ,000,000. This poly- 
styrene was extracted in the same manner as in Example 1 (2). The insoluble solids content was 96 wt%. 
In connection with this methyl ethyl ketone-insoluble polystyrene, a ^^C-NMR spectrum (signal of Ci 

25 carbon of the aromatic ring) is shown in Fig. 1 (c), a 13C-NMR (signal of methine methylene carbon) is 
shown In Fig. 2 (c), a ^H-NMR spectrum is shown in Fig. 3 (b), a X-ray diffraction pattern is shown in Fig. 
4 (b), and an Infrared absorption spectrum is shown in Fig. 5 (c). 

Based on the analytical data of the polystyrene obtained in Example 1 (2) and the analytical data of the 
atactic polystyrene obtained in Comparative Example 1, and the analytical data of the isotactic polysty- 

30 rene obtained in Comparative Example 2, It was confirmed that the polystyrene of Example 1 (2) had a syn- 
diotactic structure. 
(1)i3C-NMR data 

(1) Signal of Ci carbon of the aromatic ring 

35 

it is well known that splitting of the aromatic ring Ci carbon signal Is ascribable to a polymer micro- 
structure. The value found in the literature, and the values actually measured for the polystyrene of Ex- 
ample 1, atactic polystyrene of Comparative Example 1 and Isotactic polystyrene of Comparative Example 
2 (Fig. 1 (a), (b), (c)) are tabulated in Table 1 . . 
40 It can be seen from the results of Table 1 that the polystyrene of Example 1 has a syndiotactic struc- 
ture, and the syndiotacticity in terms of the racemic pentad as determined from the peak area of Fig. 1 (a) 
is not less than 96%; that is, the polystyrene of Example 1 had a tactlcity of neariy 100%. 
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tlcn^*l Atactic Value of the 
Polystyrene liiteratiire *2 


Polystyrene 
of £xaii^le 1 


Xsotactic 
Polystyrene 










146.44 


10 


mmxar 146.27 


146.23 


- 






nmnr 146.00 


146.03 




- 




mrnrm 145.85 


145.80 






15 


innurr — 










xxaxm 145.60 


145.63 




mm 




rinnr - 








20 


rr 145.32 


145.32 


145.35 






*ls m represents a structural unit of 






25 


— CT-CH2 — CH 


— CH^ 







30 



35 



40 



and r represents a structural unit of 




CH — CHj— CH — CH2 — 



45 



50 



*2: 



Value 
Polym, 



shown in H. 
Phys. Ed. , 



Sato & y. Tanaka, J. 
21, 1667-1674 (ISSST 



Polym. Sci. 



(ii) Methine methylene carbon signal 



It is also well known that splitting of the methine methylene carbon signal is ascribable to a polymer 
microstructure. In the case of polystyrene, there are many literatures reporting the ascription of the 
splitting. The value found in the literature, and the values actually measured for the polystyrene of Ex- 
ample 1, atactic polystyrene of Comparative Example 1 and isotactic polystyrene of Comparative Example 
2 (Fig. 2 (a), (b), (c)) are tabulated in Table 2. 
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Table 2 
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Polystyrene 


Value of the 
Literature*-^ 
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Isotactic 
Polystyrene 


xnnoxti 


46, 73 
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46.65 
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rrrrr 
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44.74- 
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mrrmr 


44.05 


44.05 






mmnm 










rrrmr 


43.53 


43.59 






rrzmm 










jnimn. 








43.34 






42.70 










42.66 






mpnturxQiu 




42.55 
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*1^ *2: Same as in Table 1. 
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The figures in the table are expressed in the unit of ppm (tetramethylsllane (TMS) standards). It can be 
seen from the results of Table 2 that the polystyrene of Example 1 is syndiotactic polystyrene, and its 
syndiotactlcity is nearly 100% because the signal of methylene carbon exhibits a single peak. 

(2) 1H-NMR data 

It is well known as described in S. Brownstein, S. Bywater & D.T. Worsfoid, J. Phvs. Chem.. 66, 2067 

(1962) that the ""H-NMR spectrum provides an information concerning the mlcrostructure like the "^30- 
NMR spectrum. 

The methine proton signal of the polystyrene of Example 1 shows that when Fig. 3 (a) and (b) are com- 
pared, the methine proton of the polystyrene of Example 1 appears a higher magnetic field as compared 
with that of the isotactic polystyrene of Comparative Example 2; that is, the polystyrene of Example 1 is 
apparently different from the isotactic polystyrene of Comparative Example 2. Furthermore, the spec- 
trum of the polystyrene of Example 1 shows considerable fine structure. This fact also confirms that the 
polystyrene of Example 1 is different from at actio polystyrene because the spectmm of the atactic poly- 
styrene does not show a fine structure (see F.A. Bovey & F.P. Hood IN, J. Chem. Phvs. . 38, 1026 

(1963) . Moreover, there were observed only one kind of methine proton and of methylene proton in the 
niolecular chain. Based the above data, it was judged that the polystyrene of Example 1 had a nearly 1 00% 
syndiotactic stmcture. 

Based on the results of (1) and (2) above, it was confirmed that the polystyrene of Example 1 was a pol- 
ymer having a steric configuration comprising not less than 96% In terms of the racemic pentad; that Is, a 
polymer comprising nearly 100% of a syndiotactic structure. 

(3) X-ray diffraction pattem 

The polystyrene of Example 1 was crystalline. The X-ray diffraction pattern (Fig. 4 (a)) of the crystal- 
line polys^rene is quite different from that of the isotactic polystyrene (Fig. 4 (b)) (G. Natta & P. Cor- 
radini, NuovoCimento . 15 . Suppl. 1, 40 (I960)). Thus it can be seen that the polystyrene of Example 1 Is 
different in crystalline structure from isotactic polystyrene. 

From the results of Fig. 4 (a), it was found that the identity period of the polystyrene of Example 1 was 
5.04 A. This identity period suggests that the polymer chain is in a zig-zag structure and phenyl rings 
are disposed alternately. This confirms that the polystyrene of Example 1 has a syndiotactic structure. 



7 



EP 0 210 615 B1 



5.04 A-^ 



10 



15 



20 




5.04 i 



(4) Infrared absorption spectrum 
Peaks of the spectra shown In Fig. 5 (a), (b), (c) are shown In Table 3. 

" Tat>Te 3 



Wave number (cm""^) 



1364 1312 1297 1185 583 



25 Polystyrene of * » » o x 

Example 1 x x x o x 

isotactic o o 

30 Polystyrene w w w w w 

Atactic ^ ^ ^ V 

Polystyrene ^ ^ o o x 

35 

o; Absorption 
x: No absorption 

40 The polystyrene of Examples 1 had a characteristic absorption peak at 1220 cm-i which cannot be 
found in polystyrene having an Isotactic or atactic structure. 

(5) I^elting point 

The melting point of the polystyrene of Example 1 was 260-270''C, which is much higher than that (220- 
45 230*»C) of isotactic polystyrene. 

(6) Tacticity of extract after extraction with methyl ethyl ketone 

In determining the stereoregularity of polystyrene, the following method is generally employed. 

Polystyrene is extracted with methyl ethyl ketone as a solvent by the use of a Soxhiet extractor. If the 
^0 polystyrene is insoluble, it is determined to be isotactic polystyrene, and if soluble, it Is determined to be 
atactic polystyrene (T. Nakada, Y. Kinosita, T. Ohtu & M. Imoto, Kouovo Kaaaku. 68, 858-864 (1965)). 

A methyl ethyl ketone-lnsoluble portion of the polystyrene of Example 1 had a syndiotactic structure, 
and a methyl ethyl ketone-soluble portion also had a syndlotacticity of not less than 82%. 

55 EXAMPLE 2 

Styrene (100 ml) was polymerized at 50«C for 8 hours in the presence of a catalyst comprising 1 mmol 
of titanium tetrachloride and 40 mmol of methylaluminoxane. Thereafter, the same procedure as in Exam- 
ple 1 (2) was repeated to form 0.1 g of polystyrene. 
60 For the polystyrene thus obtained, the syndlotacticity was such that the racemlc pentad of 13C-NMR 
was not less than 36%, the weight average molecular weight (Mw) was 544,000, and the number average 
molecular weight (Mn) was 223,000. 

in the extraction of the polystyrene with methyl ethyl ketone, 79 wt% of the polystyrene was extracted. 
For the extraction residue, the syndlotacticity was such that the racemlc pentad of 13C-NMR was 86%, 
65 the weight average molecular weight (Mw) was 678,000 and the number average molecular weight (Mn) 
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was 272,000. The syndiotacticity of the above extract was such that the racemic pentad of i^C-NMR 
was 23%. This is similar to a tacticity of the usual radical polymerized polystyrene. 



EXAMPLE 3 

5 

The procedure of Example 2 was repeated wherein the amount of titanium tetrachloride as a catalyst 
component was changed to 0.05 mmol, the amount of styrene used was changed to 1 80 ml, and the polym- 
erization time was changed to 2 hours. In this way, 6.7 g of polystyrene was produced. 

In the extraction of the polystyrene thus obtained with methyl ethyl ketone, 8 wt% of the polystyrene 
10 was extracted. For the extraction residue; that is, polystyrene remaining after the extraction, the syndio- 
tacticity was not less than 99%, the weight average molecular weight (Mw) was 348,000 and the number 
average molecular weight (Mn) was 156,000. 

EXAMPLE 4 

15 

The procedure of Example 1 was repeated wherein 1 mmol of isopropoxytitanium trichloride was used in 
place of titanium tetrachloride as a catalyst component and the polymerization time was changed to 2 
hours. In this way, 0.4 g of polystyrene was produced. For the polystyrene thus produced, the syndio- 
tacticity was such that the racemic pentad of 13C-NMR was 96%, the weight average molecular weight 

20 (Mw) was 92,000 and the number average molecular weight (Mn) was 31 ,000. 

In the extraction of the above polystyrene with methyl ethyl ketone, 58 wt% of the polystyrene was ex- 
tracted. For the extraction residue; that is, polystyrene remaining after the extraction, the syndiotactici- 
ty was such that the racemic pentad of "i^C-NMR was 96%, the weight average molecular weight (Mw) 
was 100,000 and the number average molecular weight (Mn) was 36,000. The syndiotacticity of the ex- 

25 tract was such that the racemic pentad was 23%. 

EXAMPLE 5 

Polystyrene was produced In the same manner as In Example 2 except that a catalyst comprising 0.02 
30 mmol of ethoxytitanlum trichloride and 1 0 mmol of methylaluminoxane was used and polymerization was per- 
formed under the conditions shown in Table 4. The polystyrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown In Table 4. 

EXAMPLE 6 

35 

Polystyrene was produced in the same manner as in Example 2 except that a catalyst comprising 0.2 
mmol (calculated as titanium tetrachloride) of magnesium diethoxide with titanium tetrachloride deposited 
thereon in an amount of 146 mg/g carrier and 10 mmol of methylaluminoxane was used and polymerization 
was performed under the conditions shown in Table 4. The polystyrene thus produced was extracted with 
40 methyl ethyl ketone. Properties of the polystyrene are shown in Table 4. 

EXAMPLE 7 

Polystyrene was produced in the same manner as in Example 2 except that a catalyst comprising 0.2 
45 mmol (calculated as tetraethoxytltanlum) of magnesium chloride with titanium tetraethoxide deposited ther- 
eon In an amount of 80 mg/g carrier and 10 mmol of methylaluminoxane was used and polymerization was 
performed under the conditions shown in Table 4. The polystyrene thus produced was extracted with me- 
thyl ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

50 EXAMPLE 8 

Polystyrene was produced In the same manner as in Example 2 except that a catalyst comprising 0.02 
mmol (calculated as titanium) of magnesium chloride with an excess of titanium tetrachloride deposited 
thereon and 10 mmol of methylaluminoxane was used and polymerization was performed under the condi- 
55 tions shown in Table 4. The polystyrene thus produced was extracted with methyl ethyl ketone in the 
same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

EXAMPLE 9 

60 Polystyrene was produced in the same manner as in Example 2 except that a catalyst comprising 0.02 
mmol (calculated as titanium) of magnesium chloride with titanium tetrachloride and ethyl benzoate depos- 
ited thereon and 1 0 mmol of methylaluminoxane was used and polymerization was performed under the 
conditions shown in Table 4. The polystyrene thus produced was extracted with methyl ethyl ketone in the 
same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

65 
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EXAMPLE 10 

Polystyrene was produced in the same manner as In Example 2 except that a catalyst comprising 0.02 
mmol of titanium trichloride and 20 mmol of methylalumlnoxane was used and polymerization was per- 
5 formed under the conditions shown In Table 4. The polystyrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

EXAMPLE 11 

10 Polystyrene was produced In the same manner as In Example 2 except that a catalyst comprising 1 mmol 
of titanium tetrachloride, 1 mmol of vanadyl tributoxide (VO(0»C4H9)3) and 40 mmol of methylalumlnoxane 
was used and polymerization was performed under the conditions shown in Table 4. The polystyrene thus 
produced was extracted with methyl ethyl ketone in the same manner as in Example 2. Properties of the 
polystyrene are shown in Table 4. 

15 

EXAMPLES 12 AND 13 

Polystyrene was produced In the same manner as in Example 2 except that a catalyst comprising 1 mmol 
of isopropoxytitanium chloride, 1 mmol of vanadyl tributoxide and 40 mmol of methylalumlnoxane was used 
20 and polymerization was performed under the conditions shown in Table 4. The polystyrene thus pro- 
duced was extracted with methyl ethyl ketone In the same manner as in Example 2. Properties of the poly- 
styrene are shown in Table 4. 

EXAMPLES 14 TO 16 

25 

Polystyrene was produced In the same manner as in Example 2 except that a catalyst comprising 0.05 
mmol of titanium tetraethoxlde and 5 mmol of methylalumlnoxane was used and polymerization was per- 
formed under the conditions shown in Table 4. The polystyrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

30 

EXAMPLE 17 

Polystyrene was produced in the same manner as In Example 2 except that a catalyst comprising 0.05 
mmol of titanium tetraethoxlde and 10 mmol of methylalumlnoxane was used and polymerization was per- 
35 formed under the conditions shown In Table 4. The polystyrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

EXAMPLES 18 TO 20 

40 Polystyrene was produced in the same manner as in Example 2 except that a catalyst comprising 0.05 
mmol of titanium tetraethoxide and 25 mmol of methylalumlnoxane was used and polymerization was per- 
formed under the conditions shown in Table 4. The polystyrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. Properties of the polystyrene are shown in Table 4. 

45 EXAMPLE 21 

Polystyrene was produced in the same manner as in Example 2 except that a catalyst comprising 1 mmol 
of titanium tetraisoproxide, 1 mmol of vanadyl tributoxide and 40 mmol of methylalumlnoxane was used and 
polymerization was performed under the conditions shown in Table 4. The polystyrene thus produced 
50 was extracted with methyl ethyl ketone in the same manner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 

EXAMPLE 22 

55 A styrene-p-methylstyrene copolymer was produced In the same manner as In Example 2 except that a 
catalyst comprising 0.02 mmol of cyclopentadienyltitanlum trichloride and 10 mmol of methylalumlnoxane 
was used, and a mixture of styrene and p-methylstyrene was used as the starting material and polymer- 
ized under the conditions shown in Table 4. The copolymer thus produced was extracted with methyl ethyl 
ketone In the same manner as in Example 2. Properties of the copolymer are shown in Table 4. 

60 

EXAMPLE 23 

Poly(p-methylstyrene) was produced In the same manner as in Example 2 except that a catalyst com- 
prising 0.025 mmol of cyclopentadienyltitanlum trichloride and 40 mmol of methylalumlnoxane was used, 
65 and p-methylstyrene was used as the starting material and polymerized under the conditions shown in Ta- 
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ble 4. The poly(p-methylstyrene) thus produced was extracted with methyl ethyl ketone In the same man- 
ner as in Example 2. Properties of the poly(p-methylstyrene) are shown In Table 4. 

A 13C-NMR spectrum (aromatic carbon Ci carbon signal) of the poly(p-methylstyrene) is shown in Fig, 
1 (d); a 13C-NMR spectrum (methine methylene carbon signal) is shown In Rg. 2 (d); a iH-NMR spectmm 
5 is shown In Fig. 3 (c); an X-ray diffraction pattern is shown in Fig. 4 (c); and an infrared absorption 
spectrum is shown in Fig. 5 (d). 

EXAMPLE 24 

10 Poly(m-methylstyrene) was produced in the same manner as In Example 2 except that a catalyst com- 
prising 0.05 mmol of cyclopentadienyltitanlum trichloride and 30 mmol of methylalumlnoxane was used, and 
m-methylstyrene was used as the starting material and polymerized under the conditions shown In Table 
4. The poly(m-methylstyrene) thus produced was extracted with methyl ethyl ketone in the same manner 
as in Example 2. Properties of the poly(m-methylstyrene) are shown In Table 4. 

15 A13C-NMR (aromatic ring Ci carbon signal) of the poly(m-methylstyrene) is shown in Fig. 1 (e), 

EXAMPLE 25 

Poly(p-tert-butylstyrene) was produced In the same manner as in Example 2 except that a catalyst com- 
20 prising 0.05 mmol of cyclopentadienyltitanlum trichloride and 30 mmol of methylalumlnoxane was used, and 
p-tert-butylstyrene was used as the starting material and polymerized under the conditions shown in Ta- 
ble 4. The poly(p-tert-butylstyrene) thus produced was extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of the poly(p-tert-butylstyrene) are shown in Table 4, 
A 13C-NMR spectrum (aromatic ring Ci carbon signal) of the poly(p-tert-butylstyrene) is shown in Fig. 
25 1 (f). 

EXAMPLE 26 

Poly(p-chlorostyrene) was produced in the same manner as in Example 2 except that a catalyst com- 
30 prising 0.05 mmol of cyclopentadienyltitanlum trichloride and 40 mmol of methylalumlnoxane was used, p- 
chlorostyrene was used as the starting material and polymerized under the conditions shown in Table 4. 
The poly(p-chlorostyrene) thus produced was extracted with methyl ethyl ketone in the same manner as 
in Example 2. Properties of the poly(p-chlorostyrene) are shown in Table 4. 
A 13C-NMR spectrum (aromatic ring Ci carbon signal) of the poly(p-chlorostyrene) is shown in Fig. 1 
35 (g). For comparison, a isq-NMR spectrum (aromatic ring Ci carbon signal) of atactic poly(p-chlorosty- 
rene) is shown in Fig. 1 (h). 

EXAMPLE 27 

40 Poly(m-chlorostyrene) was produced in the same manner as in Example 2 except that a catalyst com- 
prising 0.05 mmol of titanium tetraethoxide and 5 mmol of methylalumlnoxane was used, and m-chlorosty- 
rene was used as the starting material and polymerized under the conditions shown In Table 4. The po- 
ly(m-chlorostyrene) thus produced was extracted with methyl ethyl ketone in the same manner as in Exam- 
ple 2. Properties of the poly(m-chlorostyrene) are shown in Table 4. A i^C-NMR spectrum (aromatic ring 

45 Ci carbon signal) of the poly(m-chlorostyrene) is shown in Rg. 1 (i). 

EXAMPLE 28 

Poly(p-fluorostyrene) was produced in the same manner as in Example 2 except that a catalyst com- 
50 prising 0.05 mmol of cyclopentadienyltitanlum trichloride and 30 mmol of methylalumlnoxane was used, and 
p-fluorostyrene was used as the starting material and polymerized under the conditions shown in Table 
4. The poly(p-fluorostyrene) tlius produced was extracted with methyl ethyl ketone in the same manner 
as in Example 2. Properties of the poly(p-fluorostyrene) are shown in Table 4. A i3C-NMR spectrum 
(aromatic ring Ci carbon signal) of the poly(p-fluorostyrene) is shown in Fig. 1 (j). 

55 
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Claims 



1. A styrene polymer having a high syndlotactic structure and having a repeating unit represented by 
the general formula (I): 

5 



10 




(wherein R represents a hydrogen atom, a halogen atom or a substituent containing a carbon atom, an ox- 
ygen atom, a nitrogen atom, a sulfur atom, a phosphorus atom or a silicon atom, and n represents an inte- 
ger of 1 to 3), and a degree of polymerization of not less than 5, 

2. The styrene polymer of claim 1 , wherein the syndiotacticity in terms of the racemic pentad is not less 
20 than 50%. 

3. The styrene polymer of any of the claims 1 or 2, wherein the degree of polymerization is not less 
than 10. 

4. The styrene polymer of any of the claims 1 to 3, wherein (R)n is in the m-position and n is 1 . 

5. The styrene polymer of any of the claims 1 to 3, wherein (R)n is in the p-position and n is 1 . 

6. The styrene polymer of any of the claims 1 to 5, which is a polymer selected from the group consist- 
ing of polystyrene, poly(alkylstyrene), poly(halogenated styrene), poly(halogen-substituted alkyl- 
styrene), poly(alkyloxystyrene), poly(carboxyesterstyrene), poly(alkyletherstyrene), poly(alkyl- 
silylstyrene), poly(ethylvinylbenzenesulfonate), and poly{vlnylbenzyldimethoxyphosphide). 

styrene polymer of claim 1 or 3, wherein the polymer Is polystyrene having a syndiotacticity ex- 
pressed In terms of the racemic pentad of not less than 30%. 

8. The styrene polymer of claim 1 to 3, wherein the polymer Is poly(p-methylstyrene) having a syndio- 
tacticity expressed in terms of the racemic pentad of not less than 30%. 

9. The styrene polymer of claim 1 or 3, wherein the polymer is poly(m-methylstyrene) having a syndio- 
tactlclty expressed in terms of the racemic pentad of not less than 35%. 

^ 10. The styrene polymer of claim 1 or 3, wherein the polymer is poly(o-methylstyrene) having a syndio- 
tacticity expressed In terms of the racemic pentad of not less than 30%. 

1 1 . The styrene polymer of claim 1 or 3, wherein the polymer is poly(o-methoxystyrene) having a syndio- 
tacticity expressed in terms of the racemic pentad of not less than 40%. 

12. The styrene polymer of claim 1 or 3, wherein the polymer is poly(p-methoxystyrene) having a syndio- 
tacticity expressed In terms of the racemic pentad of not less than 30%. 

13. Process for preparing styrene polymers of any of the claims 1 to 12, which comprises polymerizing 
styrene or styrene derivatives by the use of a catalyst comprising: 

A) cyclopendadienyltitaniumtrlchloride, and 

B) methylaluminoxane derived from the reaction of trimethyl aluminum and water. 



Patentanspruche 

50 1. Styrolpolymer mit einer hoch-syndiotaktischen Struktur und mit einer sich wiederholenden Einheit, 
dargestellt durch die allgemelne Formel (I): 



55 



60 




(worin R eine Wasserstoffatom, ein Halogenatom oder einen Substltuenten enthaltend ein Kohlenstoff- 
atom, ein Sauerstoffatom, ein Stickstoffatom, ein Schwefelatom, ein Phosphoratom oder ein Slllzlum- 
65 atom, darstellt und n eine Zahl von 1 bis 3 darstellt), und einem Polymerisationsgrad von nicht weniger als 
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5. 

2. Styrolpolymer nach Anspruch 1 , worin die Syndiotaktizitat In Ausdrucken der racemischen Pentade 
nicht weniger als 50% ist. 

3. Styrolpolymer nach einem der Anspruche 1 oder 2, worin der Polymerisationsgrad nicht weniger als 
5 10 ist. 

4. Styrolpolymer nach einem der Anspruche 1 bis 3, worin (R)n in der m-Position vorliegt und n 1 Ist. 

5. Styrolpolymer nach einem der AnsprQche 1 bis 3, worin (R)n in der p-Position vorliegt und n 1 ist. 

6. Styrolpolymer nach einem der Anspruche 1 bis 5, das ein Polymer ist, ausgewahit aus der Gruppe 
bestehend aus Polystyrol, Poly(alkylstyrol), Poly(halogenlertes Styrol), Poly(Halogen-substituiertes 

10 Alkylstyrol), Poly(alkoxystyrol), Poly{carboxyesterstyrol), Poly(alkyletherstyrol), Poly(alkylsi!ylstyrol), 
Poly(ethylvinylbenzolsulfonat) und Poly(vlnylbenzyldimethoxyphosphid). 

7. Styrolpolymer nach Anspruch 1 oder 3, worin das Polymer Polystyrol ist mit einer Syndiotaktizitat 
dargestellt in Ausdrucken der racemischen Pentade von nicht weniger als 30%. 

8. Styrolpolymer nach Anspruch 1 oder 3, worin das Polymer Poly(p-methylstyrol) mit einer Syndlotak- 
15 tizitat dargestellt in Ausdrucken der racemischen Pentade von nicht weniger als 30% ist. 

9. Styrolpolymer nach Anspruch 1 oder 3, worin das Polymer Poly(m-methylstyrol) mit einer Syndiotak- 
tizitat darstellt in Ausdrucken der racemischen Pentade von nicht weniger als 35% ist. 

1 0. Styrolpolymer nach Anspruch 1 oder 3, worin das Polymer Poly(o-methylstyrol) mit einer Syndiotak- 
tizitat dargestellt in Ausdrucken der racemischen Pentade von nicht weniger als 30% ist. 

20 11. Styrolpolymer nach Anspruch 1 oder 3, worin das Poly(o-methoxystyrol) mit einer Syndiotaktizitat 
dargestellt in Ausdrucken der racemischen Pentade von nicht weniger als 40% ist. 

12. Styrolpolymer nach Anspruch 1 oder 3, worin das Polymer Poly(p-methoxystyrol) mit einer Syndio- 
taktizitat dargestellt in Ausdrucken der racemischen Pentade von nicht weniger als 30% ist. 

13. Verfahren zur Herstellung von Styrolpolymeren nach einem der Anspruche 1 bis 12, welches um- 
25 fal3t Polymerisieren von Styrol oder Styrolderivaten unter Verwendung eines Katalysators, der umfaBt: 

A) Cyclopentadienyltitantrichlorid und 

B) Methylalumlnoxan erhalten aus der Reaktion von Trimethylaluminium und Wasser. 
Revendications 

30 

1. Polym5re de styrene ayant une structure tres syndiotactique, et comportant un motif repete repre- 
sents par la formuie generaie (1): 



35 



40 




(dans laquelle R represente un atome d'hydrogene, un atome d'halogene ou un substituant contenant un 
45 atome de carbone, un atome d'oxygene, un atome d'azote, un atome de soufre, un atome de phosphore ou 
un atome de silicium, et n represente un entier de 1 a 3), et ayant un degre de polymerisation non Inferieur 
a5. 

2. Polymere de styrene selon la revendication 1 , dans lequel la syndiotacticite par rapport aux penda- 
des racemiques, n'est pas inferieure a 50%. 
50 3. Polymere de styrene selon Tune quelconque des revendications 1 et 2, dans lequel le degre de poly- 
merisation n'est pas inferieur a 10. 

4. Polymere de styrene selon Tune quelconque des revendications 1 a 3, dans lequel (R)n est a la posi- 
tion m, et n est egal a 1 . 

5. Polymere de styrene selon Tune quelconque des revendications 1 a 3, dans lequel (R)n est a la posi- 
55 tion p, et n est egal a 1 . 

6. Polymere de styrene selon Tune quelconque des revendications 1 a 5, consistant en un polymere 
choisi pamni le polystyrene, un poly{all^istyrene), un poly{styrene halogene), un poly(alkyle halogSne), 
styrene, un poly(alkoxystyrene), un poly(carboxyesterstyrene), poly(alkyl6therstyrene), un poly- 
(alkylsilylstyrene), un poly(benz6nesulfonate d'6thylvinyle) et un poly(dim4thoxyphosphure de vinylben- 

60 zyle). 

7. Polymere de styrene selon la revendication 1 ou 3, dans lequel le polymdre est un polystyrene ayant 
une syndiotacticite par rapport aux pentades racemiques, non inferieure a 30%. 

8. Polymere de styrene selon la revendication 1 ou 3, dans lequel le polymere est un poly(p-methylsty- 
rene) ayant une syndiotacticite par rapport aux pentades racemiques, non Inferieure a 30%. 

65 9. Polymere de styrene selon la revendication 1 ou 3 dans lequel le polymere est un poIy(m-methylsty- 
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rene) ayant une syndiotactlcite par rapport aux pentades racemiques, non inferieure a 35%. 

10. Polymere de styrene selon la revendlcation 1 ou 3, dans lequel le polymere est un poIy{o-methylsty- 
rene) ayant une syndlotacticite par rapport aux pentades racemiques, non inferieure a 30%. 

11. Polymere de styrene selon la revendication 1 ou 3, dans lequel le polymere est un poIy{o-methoxy- 
5 styrene) ayant une syndiotacticite par rapport aux pentades racemiques, non Inferieure a 40%. 

12. Polymere de styrene selon la revendication 1 ou 3, dans lequel le polymere est un poly(p-methoxy- 
styrene) ayant une syndlotacticite par rapport aux pentades racemiques, non inferieure a 30%. 

13. Precede de preparation de polymeres de styrene selon Tune quelconque des revendications 1 a 12, 
dans lequel on polymerise du styrene ou des derives de styrene, en employant un catalyseur compre- 

10 nant: 

A) du trichiorure de cyclopentadi^nyl titane, et 

B) du m^thyialuminoxane obtenu en faisant r^agir du trimSthyl aluminium et de I'eau. 
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